This paper measures energy performance, Total Factor Energy Productivity (TFEP), technical change (TC) and energy efficiency change (EEC) of the gher (prawn-carp-rice) farming system using a unique panel data of 90 farmers covering a 14 year period (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) from southwest Bangladesh by employing a stochastic input distance function approach. Results reveal that all inputs contribute significantly to energy productivity of the gher farming system with male labor energy input being the major contributor followed by energy from machineries, seeds and chemicals. Energy performance of the High Yielding Variety (HYV) rice enterprise is highly efficient whereas the prawn enterprise is highly energy inefficient. Furthermore, energy performance of the HYV rice enterprise improved significantly over time. Significant competition exists between HYV rice and prawn enterprises as well as prawn and carp enterprises. Experience and education significantly improve energy efficiency whereas gher area and household size significantly reduces it. TFEP grew at the rate of 2.56% per annum (p.a.) solely powered by technical progress at the rate of 2.57% p.a. Gher system can be sustained in the long-run driven by technical progress and improvements in energy productivity of the HYV rice enterprise. Policy implications include investments in R&D and education targeted at the gher farmers.
However, there is no literature that has explored whether the system is performing well and is sustainable over time when evaluated in terms of energy use. This is because a production system can be considered sustainable over the long term if any net increase in energy output surpasses the net increase in energy input levels [6] . Furthermore, the composition of energy used, i.e., the balance between renewable and fossil fuel based sources, is important to examine since the latter is becoming scarce over time [23] . This is particularly important for the gher farming system since it is a highly input intensive production technology. Marques et al. [24] noted that integrating freshwater prawn farming with other farming activities has considerable potential as a means of increasing food production in a sustainable fashion.
Sustainability in agriculture is a complex concept with several dimensions to consider and its measurement is quite challenging [25, 26] . Although several indicators were developed to measure agricultural sustainability, they do not cover all dimensions [26] . For example, Sabiha et al. [25] developed a composite indicator based approach using 17 indicators to capture multi-dimensional aspects of agriculture to measure only environmental sustainability. In this study, we applied a consistent method where all inputs and outputs of an agricultural production system are measured in energy units and examined its performance over time, which enabled us to incorporate the notion of the dynamics of sustainability as well.
Given this backdrop, sustainability of the gher farming system was evaluated in terms of energy use by examining various measures of energy performance. The specific aims of this study are to: (a) examine trends in basic energy performance measures of the gher farming system over time; (b) identify the drivers of energy productivity of the gher farming system; (c) identify the determinants of technical energy efficiency; and (d) most importantly, examine changes in Total Factor Energy Productivity (TFEP) and its key components: technical change (TC) and technical energy efficiency change (EEC) over time.
The specific contributions of our study to the existing literature is mainly on the methodology to compute TFEP, TC and EEC. Conventionally, TFEP and/or total factor energy efficiency (TFEE) analysis were conducted at the macro-level or regional level for an economy as a whole, where the output is specified as the Gross Domestic Product (GDP) and labor/employment, energy consumption and capital stock are used as inputs. The main approach applied is the non-parametric Data Envelopment Analysis (DEA) [27] [28] [29] [30] . Although improvements were made in terms of measuring TFEP/TFEE using multi-stage Slack Based DEA model [27] and improved calculations of TFEE using no-output growth or output growth models [28] , the basic approach suffers from two limitations. One is the well-known limitation of non-parametric DEA approach, i.e., all statistical noises and measurement errors are included as inefficiency, implying that energy efficiency scores derived may be biased. Second, the input and output variables used in the analysis are not measured in energy units. Except the energy consumption variable, all other variables are measured in different units and are subject to issues of aggregation (e.g., GDP is an aggregate measure) and/or construction procedures, e.g., construction of capital stock is open for interpretation because the correct value of this variable over time for an economy at a disaggregated scale can hardly be obtained. Although, units of measure do not pose any serious problem in DEA approach, it is desirable to specify variables that are not subject to the limitation of aggregation and/or construction problems. Such varied unit of measurement of variables necessitated the calculation of TFEE by making adjustments [27, 29, 31, 32] . Therefore, all these issues can lead to biased measures of TFEE and/or TFEP consequently leading to biased policy prescriptions. We use the well-established concept of Total Factor Productivity (TFP), which is based on the theoretical foundation of underlying production function. Furthermore, we apply the parametric method for the analysis, specifically, stochastic input distance function approach, which can conveniently incorporate the specification of multi-output multi-input production technology and, therefore, do not require aggregation of outputs or inputs into single indices. This approach can separate statistical noise and measurement errors from inefficiency as well. Furthermore, we consistently measure all outputs and inputs in energy equivalent units actually used in the production process, implying that no proxy variables measured in different units are used. Therefore, the resulting TFEP index is of the Malmquist type index and the two associated components are TC and EEC (equivalent to TFEE), requiring no adjustments to obtain TFEE as done by the previous studies. The other contributions of our study to the existing literature are as follows. We provide information on the changes in common partial measures of energy performance over time of this unique farming system, which is relatively more robust than the conclusions drawn from cross-sectional studies undertaken at a point of time [6] . We also identify significant drivers of energy productivity and technical energy efficiency and other performance measures, such as, scale economy and output jointness or complementarity amongst enterprises. Furthermore, the computation of TFEP, TC and EEC indices of the gher farming system will provide information on whether there is net growth in productivity of this farming system and whether it can be sustained over time when evaluated in terms of energy use. This is because TFP indices capture the effect of improvements in technology in the form of R&D [33] . Furthermore, higher TFEP is desirable because it implies higher output from the application of technology, better utilization of resources and leads to a reduction in poverty in rural areas [34] . The results will also be useful for policy makers and relevant stakeholders aimed at enhancing food production and increasing income of the farmers without compromising sustainability of the system.
Materials and Methods

Data and the Study Area
This study is based on a unique set of farm-level panel data covering a 14-year period (2002-2015) collected from Bilpabla village, located in southwest Bangladesh. The village was purposively selected because farmers in this village have been engaged in the gher farming system for a long time. Also, Bilpabla village can be considered a typical village of the Dumuria sub-district of Khulna District.
The first year of data collection took place in 2002. Bilpabla village has 410 farm households of which 90 farmers (22% of total population), whose major income source is gher farming, were selected using a simple random sampling procedure for the survey. The first round of data was collected over a six-month period (i.e., November 2001-April 2002). Since then, the same set of 90 farmers was surveyed every year until 2015, therefore providing a unique cohort of 90 famers over a 14-year period bringing the total sample size to 1260 observations. The dataset thus forms a strongly balanced panel of 90 farmers covering a 14-year period and provides a unique opportunity to examine the dynamics of productivity and efficiency changes of the gher farming system at the producer level. The questionnaire used in the survey contained three sections. Section A contained information on socio-economic conditions, (e.g., experience/age of the farmer, education, family size, farm size etc.). Section B covered detailed information on the quantity and value of inputs and outputs of HYV rice production (e.g., seedlings, inorganic fertilizers organic fertilizer, family and hired male and female labor, irrigation, pesticides, HYV rice output and straw as by-product). Section C covered detailed information on the quantity and value of inputs and outputs of prawn-carp production (e.g., fingerlings, feeds, family and hired male and female labor, chemicals and prawn and carp outputs). Overall, 20 questions were used in a tabular format to collect full information on the gher farming system. The questionnaire was pretested prior to the survey and locally recruited enumerators were used for data collection.
Analytical Framework
The analytical framework include: (a) computing basic partial measures of energy performance, such as, energy productivity, energy use efficiency and net energy balance [6, 7, 35] ; and (b) an application of the stochastic input-distance function approach to identify drivers of energy productivity and efficiency as well as to compute indices of TFEP, TC and EEC.
Basic Energy Measures of Input-Output Ratios
Common partial measures of energy input and output were computed for each enterprise of the gher farming system for each year to examine movement in these measures over time. These are: [6, 7, 35, 36] 
Since data contains a very detailed breakdown of all outputs and inputs of each enterprise of the gher farming system, we were able to conduct an ex-post analysis of the system by using standard energy coefficients from published literature to convert all physical inputs and outputs into energy units [6, 7, 35, 37] . For some inputs and outputs, whose energy equivalents are not commonly available, we have calculated those values using the methods utilized by Rahman and Barmon [6] . Table 1 presents energy coefficients used in this study. [6, 38] Note: IFPRI refers to standard conversion used by the Food Consumption and Nutrition Division of IFPRI to compute calorific and dietary requirements for Bangladesh (personal communication).
The Stochastic Input Distance Function
The gher farming system represents a multi-output, multi-input production technology, which can be analyzed with a distance function using either parametric or non-parametric approach. We have specifically adopted the stochastic input-distance function approach because it does not require the assumption of separability of inputs and outputs [39] , can provide econometric estimation of the drivers of energy productivity and efficiency and can be used to compute TFEP, TC and EEC indices over time.
The production technology of the gher farm is defined by using the input set, L(y),
representing the set of all input vectors, x ∈ R K + , producing the output vector y ∈ R M + :
Then the input-distance function is defined on the input set, L(y), as
where D I t (x,y) is non-decreasing, positively linearly homogenous and concave in x, and increasing in y. The distance function, D I t (x,y), takes a value ≥1 if the input vector, x, is in the feasible input
x is situated on the inner boundary of the input set.
The input distance function is interpreted as the multi-input input-requirement function and provides a measure of technical efficiency because its reciprocal is the Farrell's technical efficiency index [40, 41] . The input distance function is homogenous of degree one in inputs [42] . The duality between the cost function and the input distance function can be usefully interpreted from the empirical estimate of the model [40] :
where w is the vector of input prices, and the derivatives of the input distance function can be easily related to that of cost function. For example, the derivative with respect to input level x k , is given by:
Equation (8) shows that the derivative of the input distance function with respect to k is equivalent to cost deflated shadow price of the input r * t k > 0. Furthermore, the log derivative of the input distance function with respect to input k is equivalent to the cost share of that input S t k :
This elasticity measure shows the relative importance of that input used in production [40] . Similarly, with the application of envelope theorem to Equation (7), the log derivative of the input distance function with respect to an output y is equivalent to the negative of the cost elasticity of that output [40] :
The value is expected to be negative for all outputs and the magnitude reflects the relative importance of each output.
The distance function can also be used to obtain information on the technological process over time as follows [40] :
and with the application of the envelope theorem to Equation (7), the elasticity of the input distance function with respect to time t is equivalent to the responsiveness of cost reduction and, therefore, provides a measure of the rate of technical change. The positive value of this elasticity represents technical progress and the negative value as technical regress [40] . The input distance function is also capable of providing information on other performance measures, such as scale economy, input-output substitutability, output jointness or complementarity. For example, the combined first-order input elasticities represent scale economies, which shows the level of productivity increase in response to an increase in input growth. The individual input elasticity summarizes the input expansion required to increase output by one percent. The second-order elasticities provide information on the production complementarities, which reflect economic impacts arising from output jointness. That is if the output relationships are complementary, than an increase in one output increases the contribution of other outputs, therefore, enhancing performance of the system (for details of derivations of these measures from the distance function, please see [6, 7, 41, 43 ].
The Empirical Model
We specify a translog stochastic input distance function for empirical estimation. The translog stochastic input distance function for time t is given by:
where X s are inputs and Y s are outputs all presented in energy units. The six inputs used are: X 1 = energy from all machineries (i.e., power tiller for land preparation and shallow tube wells for irrigation), X 2 = energy from male labor input (family supplied + hired), X 3 = energy from female labor input (family supplied + hired), X 4 = energy from all type of feeds, X 5 = energy from all chemicals (fertilizers, pesticides and chemicals), and X 6 = energy from HYV rice seed and prawn and carp fingerlings. The three outputs are: Y 1 = energy produced by prawn, Y 2 = energy produced by carp, and Y 3 = energy produced by HYV rice and straw.
Justification of the choices of inputs are from the existing literature [6, 7] . Women's involvement in agricultural production in Bangladesh has been increasing, although in the past they were believed to be involved only in the post-harvest processing of crops which underestimates their contribution to the sector [44] . Rahman [44] identified significant contribution of female labor input to agricultural productivity and efficiency. In fact, a substantial number of female labor was also used in addition to male labor in the gher farming system [6] . Therefore, following Rahman [44] , we have included energy derived from female labor input separately to identify its independent influence on energy productivity.
In order to obtain the estimable form of the stochastic input distance function, we set − ln d = v − u and impose the restriction required for homogeneity of degree +1 in inputs 
. This was done by normalizing the input vectors by any one input, specifically the energy input from all machineries X 1 [45] :
where the v's are assumed to be Independently and Identically Distributed (0, σ 2 u ); and the u's are technical efficiency effects assumed to be Identically Distributed such that u is defined by the normal distribution truncated at zero with unknown mean and variance (µ, σ 2 u ), defined by:
where Z 1 = experience of the farmer (age in years); Z 2 = education of the farmer (years of completed schooling), Z 3 = household size (persons), and Z 4 = gher farm area (ha). Justification of including these Z variables to identify the determinants of technical (energy) efficiency of the gher farming system is based on the literature [6, 15] .
We replace the variance parameters,
u in the estimating model [46] . The input distances are predicted as:
The inverse of these input distances (d) are the technical energy efficiency scores of each individual farm [47] . The Maximum Likelihood Estimation (MLE) method was used to estimate the parameters of the model (Coelli and Perelman, 1999) . The model was estimated by STATA V-10 (Stata Corporation, College Station, TX, USA). Table 2 presents summary statistics of the data used in this study. The mean gher area is 0.55 ha of which the HYV rice area is 0.34 ha. Among the inputs, feed input energy for prawn-carp enterprise is the highest followed by labor energy input for both enterprises. As a result, the mean energy input for prawn-carp enterprise is about 4.4 times higher than the mean energy input of HYV rice enterprise. In contrast, mean energy output of HYV rice enterprise is 18.2 times higher than the mean energy output of the prawn-carp enterprise ( Table 2 ). The average age of the farmers is just over 43 years and education is above primary level. The average household size is 4.32 persons (Table 2) . The trend in total energy input and energy output per ha of the gher farming system is presented in Figure 1 . A declining trend in energy input of the prawn-carp enterprise was observed during the later years, thereby leading to an overall decline in energy input use of the overall gher farming system over time. Table 3 presents results of the basic energy performance indicators of individual enterprises and the gher farming system as a whole and the average annual growth rate covering the period 2002-2015. Table 3 clearly shows that the prawn-fish enterprise is highly energy input intensive and produces very low level of energy outputs, also noted by Rahman and Barmon [6] . The apparent decline in performance measures are not statistically significant except energy productivity, which declined significantly albeit at a very low rate of −0.005% p.a. The level of deficiency in net energy balance improved significantly over time at the rate of 1.30% p.a. (Table 3 ). The overall implication is that the prawn-carp enterprise on its own is not sustainable in the long run, which was also noted by Rahman and Barmon (2012) .
Results and Discussion
In contrast, the HYV rice enterprise performs very well in terms of all energy performance measures, thereby generating very high level of energy outputs while using very low level of energy inputs, also noted by Rahman and Barmon [6] . This is because the inputs used for HYV Boro rice farming within a gher system are significantly lower. The unused feed supplied to the prawns/carps serve as fertilizers and the water retained within gher canals provides irrigation [6] . All the performance measures also improved significantly over time for the HYV rice enterprise. The use of energy input declined significantly at a high rate of −1.30% p.a. whereas energy output increased significantly at the rate of 0.20% p.a. Consequently, specific energy improved significantly over time and net energy balance increased significantly at the rate of 0.40% p.a. (Table 3 ). The specific energy for HYV Boro rice in gher system is similar and/or higher from maize, wheat and all cereals [7, 48, 49] .
Consequently, evaluation of the gher farming as a whole passes the test of sustainability since all the performance measures improved significantly over time ( Table 3 ). The mean net energy balance increased at the rate of 1.30% p.a. The main driver was the energy savings generated from the HYV rice enterprise, which is sufficient to offset the large energy deficit of the prawn-carp enterprise, also noted by Rahman and Barmon [6] . The net energy balance of the gher farming system estimated in this study is much higher than reported by Rahman and Barmon [6] . The joint influence of significantly increasing net energy balance of the HYV rice enterprise and significant reduction in deficiency in net energy balance of the prawn-carp enterprise over time contributed to increasing net energy balance of the gher farming system. Note: All growth rates are computed using semi-logarithmic trend function: lnY = α + βT, where Y is the target variable, T is time, ln is natural logarithm, and β is the growth rate. *** significant at 1 percent level (p < 0.01); ** significant at 5 percent level (p < 0.05); * significant at 10 percent level (p < 0.10). Note: All growth rates are computed using semi-logarithmic trend function: lnY = α + βT, where Y is the target variable, T is time, ln is natural logarithm, and β is the growth rate. *** significant at 1 percent level (p < 0.01); ** significant at 5 percent level (p < 0.05); * significant at 10 percent level (p < 0.10). 
Drivers of Energy Productivity of the gher Farming System
First, a series of hypotheses tests were conducted to determine the choice of appropriate functional form, separability of inputs and outputs, scale economy, presence of inefficiency and the impact of time (Table 4 ). Next, the parameter estimates of the stochastic input distance function model using the maximum likelihood estimation (MLE) procedure is presented in Table 4 . A generalized Likelihood Ratio (LR) test (H 0 : α kl = β mn = τ km = 0 for all k, l, m, and n) was conducted to choose between the restricted Cobb-Douglas versus flexible translog function, which was strongly rejected, thereby confirming that the latter is a better representation of the underlying production technology. Next, separability of inputs and outputs in the input distance function was tested by equating all the interaction terms between inputs and outputs to 0 (H 0 : all τ km = 0 for all k and m) [40] , which was strongly rejected (p < 0.01) implying that aggregating all inputs and outputs into a single index is not permitted. The existence of inefficiencies in the model was tested by examining the value of the parameter γ, which is the ratio of error variances from Equation (10) and lies between 0 and 1. If γ = 0, technical inefficiency is not present, and if γ = 1, then there is no random noise. The value of γ is estimated at 0.30 (see lower panel Table 5 ) which is low but significant (p < 0.10), thereby confirming that inefficiencies exist in the model. Next we tested whether the inefficiency effects variables used in the model are appropriate (H 0 : δ z = 0 for all z) which was strongly rejected (p < 0.01), implying that the inefficiency distributions vary across observations [40] . Finally, we tested the impact of time trend on productivity (H 0 : all κ k = 0 for all k) which was strongly rejected (p < 0.01), implying that productivity improved significantly over time (Table 4 ). Note: *** significant at 1 percent level (p < 0.01).
More than seventy percent of the estimated coefficients are significantly different from zero at the 10% level of significance or higher ( Table 5 ). All the variables except time are mean-differenced prior to estimation. Therefore, the first order coefficients can be read directly as elasticities of the distance function with respect to inputs and outputs evaluated at the sample means. However, for clarity of exposition, these are reproduced in Table 6 . All the signs on the first order coefficients of inputs and outputs are theoretically consistent. For example, a positive sign on the coefficients of any input variable implies substitutability of that input with machinery. Similarly, a negative signs on the coefficient of any output variable implies that a reduction in the use of machinery will lead to a reduction in that output. The significantly different from zero coefficients on the interaction variables (second order terms) confirm that the production process is non-linear and that the choice of a flexible translog functional form is justified. Note: *** significant at 1 percent level (p < 0.01); ** significant at 5 percent level (p < 0.05); * significant at 10 percent level (p < 0.10).
The scale elasticity ε Y provides an overall measure of the incentive to increase operation size of multiple enterprises. The estimate of ε Y = −0.66 suggests presence of significant scale economies ( Table 6 ). Rahman [44, 50] also noted that increasing returns to scale exist for the diversified crop production system in Bangladesh but Rahman and Kazal [7] noted that constant returns to scale exists instead. Table 6 shows that output elasticities of all enterprises are significant (p < 0.01), implying that increasing production of any of these outputs will significantly increase energy use. The highest energy elasticity is for prawn output indicating that a 1% increase in prawn output will increase the use of energy by 0.32%. Rahman and Barmon [6] also noted highest prawn output elasticity of −0.22. Rice energy output elasticity is also substantially high, estimated at −0.26. This value is much higher than the output energy elasticity of cereals at −0.14 (i.e., rice, wheat and maize combined) reported by Rahman and Kazal [7] . Note: *** significant at 1 percent level (p < 0.01); ** significant at 5 percent level (p < 0.05).
Similarly, the input energy elasticities reflect the relative importance of inputs in production. Table 6 reveals that all five inputs contribute significantly to the production process. The elasticity with respect to male labor is the largest, implying that energy from male labor represents 0.31% of total energy use at the sample mean for the overall gher farming system. Energy from female labor, although significant, accounts for only 0.02% of total energy use. Chemical energy also accounts for a substantial 0.16% of total energy use. Energy elasticity of machineries, which was computed as a residual, is also substantial, estimated at 0.23 ( Table 6 ). The renewable energy component of the system (i.e., sum of energy inputs from male and female labor, seeds and feeds) is estimated at 61%, which is substantial.
The cross-effects, i.e., second order coefficients (β kl ), provides information on the output jointness or complementarities. This information is reproduced in the mid-panel of Table 6 . Results show that the prawn and rice enterprise as well as prawn and carp enterprise combinations are negative and significant (p < 0.05), implying competitive relationship in gher farming system. In contrast, Rahman and Barmon [6] noted significant output jointness/complementarity between rice and prawn enterprise in gher farming. Rahman and Kazal [7] also noted output jointness between cereal and oilseed enterprises but competitive relationship between pulse and jute as well as oilseed and jute enterprise combinations in Bangladesh.
Total Factor Energy Productivity Change and Sources of Growth
The parameter estimates of the time t and its interaction with input and output variables in the stochastic input distance function (Table 6 ) are used to compute technical change (TC) indices of the gher farming system. The estimated technical energy efficiency scores, which are the inverse of the input distances d, are used to compute technical energy efficiency change (EEC) indices. Then the Malmquist Total factor energy Productivity (TFEP) indices were computed as a product of TC and EEC for the gher farming system for each individual farm over the 14-year period (2002-2015) .
The coefficient on the time variable t is significantly positive implying that the gher farming system has experienced significant technological progress at the rate of 1.4% p.a. which is highly encouraging ( Table 5 ). The first column in Table 7 presents technical energy efficiency scores, which show that overall mean technical energy efficiency (MTE) grew at a low rate of 0.19% p.a. These figures indicate that there are substantial scope to increase MTE of the gher farmers. Rahman and Barmon [6] noted a higher level of MTE of 0.92. Table 7 . Total factor energy productivity and its components of the gher farming system, (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
Year
Energy The results of the inefficiency effects function, which provide information on the drivers of technical energy efficiency of the gher farming system is presented at the lower panel of Table 5 . The results show that experience (i.e., farmer's age) and education significantly increase energy efficiency whereas household size and gher area significantly reduces energy efficiency. These findings are in contrast with Rahman and Kazal [7] who noted that household size increases energy efficiency in a diversified farming system and Rahman and Barmon [6] noted that the gher area significantly increases energy efficiency. Asadullah and Rahman [51] noted significant influence of education of technical efficiency of rice production in Bangladesh.
It is highly encouraging to note that the Total factor energy Productivity (TFEP) of the gher farming system increased at the rate of 2.56% p.a. mainly driven by technical progress (TC) at the rate of 2.57% p.a. with a negligible decline in energy efficiency change (EEC) at the rate of −0.008% p.a. (Table 7 ). This rate of growth in TFEP is much higher than the total factor productivity growth reported for Bangladesh agriculture increasing at the rate of 0.57% p.a. [52] and elsewhere in the developing economies, e.g., commercial agricultural sector in Botswana at the rate of 1.16% p.a. [40] . This finding provides evidence that the gher farming system is sustainable in terms of energy use and reinforces the findings observed in Table 3 .
Conclusions and Policy Implications
The principal aims of this study were to evaluate trends in basic energy performance measures over time and to compute TFEP, TC and EEC indices of the gher farming system, which is operating in the coastal regions of Bangladesh, by utilizing a unique farm-level panel data of a cohort of 90 farmers covering a 14-year period (2002-2015) . The purpose is to judge whether the gher farming system is sustainable over time when evaluated in terms of energy use. Results reveal that although the prawn-carp enterprise is highly inefficient in energy use, the high-energy efficient HYV rice enterprise offset the negative net energy balance of the former and makes the gher farming system as a whole energy efficient. However, substantial scope remains for improving the technical energy efficiency of gher farmers. Experience and education are the significant drivers of energy efficiency.
The TFEP grew at the rate of 2.56% p.a. mainly driven by TC at the rate of 2.57% p.a. with negligible decline in EEC.
The key conclusion that emerges from this study is that the gher farming system demonstrated significant productivity growth driven by technical progress over time and, therefore, it is sustainable in the long-run when evaluated in terms of energy use. Gher farmers are becoming more prudent in the use of their input levels, particularly in the HYV rice enterprise, which had a dominant influence in improving net energy balance, thereby, leading to significantly improved performance of the gher farming system as a whole over time. Also significant increase in energy output of the HYV rice enterprise over time further contributed to overall sustainability of the gher farming system. An estimated 61% of total energy inputs are renewable, which is encouraging.
The following policy implications can be drawn from this study. First, a major thrust should be geared towards maintaining and/or improving productivity of the HYV rice enterprise. This can be achieved through R&D investment. The Bangladesh Rice Research Institute (BRRI) has a major role to play in this area to develop strains of HYV rice that are particularly suited to gher farming system. Second, measures should be undertaken to improve performance of the prawn enterprise through developing feed ingredients and production technologies. This is because the prawn enterprise seem to be stagnant in energy performance over time. The Bangladesh Fisheries Research Institute (BFRI) has an important role to play in this regard. Third, investment in education targeted at the gher farmers will significantly improve energy efficiency. An effective implementation of these policy measures will boost the sector and enable to sustain it in the long-run.
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